Disparity (fusional) vergence refers to changes in the line of sight of the 2 eyes during tracking of target movement in depth. Line-of-sight asymmetric disparity vergence is a special case, considered in this paper, in which target movement occurs along the line-of-sight of one eye (the 'on-axis eye'). Thus, one might naively predict that all eye movement would be confined to the fellow 'off-axis eye'. However found accommodative vergence to substitute for the lack of disparity vergence while tracking targets in depth. In this report we explore the generality of this substitution mechanism in the case of line-ofsight asymmetric disparity vergence and discuss qualitative and quantitative aspects of the responses in patients having either intermittent strabismus, constant strabismus with amblyopia, or amblyopia without strabismus.
Materials and methods
Binocular horizontal eye position was monitored by an infrared reflection technique. 8 The recording system had an overall band width of 150 hertz (Hz), a linear range of at least +5 degrees, and a noise level of 6 the viewing eye. Our control subject's responses (Fig. 2a) provide a good example of normal accommodative vergence movements.
Interestingly, these characteristics also describe our patients' responses to targets along the line-ofsight of the dominant eye under binocular viewing conditions (Figs. 1 b-d) When the patients' nondominant eye was covered and the targets were still along the dominant eye, the resultant accommodative vergence responses (Fig. 2b) were similar to the accommodative vergence of our control subject (Fig. 2a) and showed little change from these patients' own responses under binocular viewing conditions. Comparison of accommodative vergence responses from patient 7 ( Fig. 2b) with its own asymmetric vergence responses (Fig. lb) and with normal subjects' accommodative vergence responses (Fig. 2a) shows the equivalence of all 3 responses. ASYMMETRIC VERGENCE: NONDOMINANT EYE To ensure that the asymmetric vergence responses of the patients were not due to dominant eye stimulation, targets were aligned along the nondominant eye and the experiment repeated. Fig. 3a shows that the characteristic smaller vergence in the dominant eye continues to occur even with the targets along the nondominant eye for this intermittent strabismic patient. In addition to the unequal vergence a saccade places the dominant eye near the target; the saccade and the vergence combine to fixate the dominant eye on the target. At first glance these response looked qualitatively similar to normal asymmetric vergence, but when the vergence amplitudes were analysed the abnormal unequal asymmetric vergence was evident; vergence in the dominant eye equalled 10% of that in the nondominant eye in this condition. Similar responses were recorded in patients having constant strabismus with amblyopia and amblyopia only.
ACCOMMODATIVE VERGENCE: NONDOMINANT EYE
When targets were aligned along the nondominant eye and the dominant 'off-axis' eye was covered, the accommodative vergence response appeared to be absent or grossly abnormal in deep amblyopia and to be unrelated to the presence of strabismus. Fig. 4a shows accommodative vergence responses in patient 7 (Fig.  3a, b) . However, note normal asymmetric vergence for convergence but not divergence.
responses to monocular stimuli. These monocular conditions lacked any disparity vergence stimulus, and yield only an accommodative vergence response. Thus, we reasoned that these similarities indicate an inability on the part of our patients to process disparity information present under binocular conditions, leaving target blur to drive vergence through its synkinetic link with accommodation. Further support for this hypothesis was evidenced by the similarities between patient responses to monocular and binocular stimuli. Preventing the introduction of disparity stimuli by covering the nondominant eye had no effect on the patients' responses. Furthermore (Fig. 2b) . (Fig. 2b) . Central (higher sensorimotor processing) deficiency perhaps in areas 18 and 19 of the visual cortex, area 22 of parietal cortex, and higher supernuclear centres such as the superior colliculus14 and pulvinar, is much more difficult to approach either clinically or experimentally in lower animals and man. Interestingly, Blake and Lehmkuhle'5 have shown psychophysically in humans normal grating after-effects, in spite of the presence of suppression associated with strabismus, 1617 suggesting the site of suppression is beyond the site (probably area 17 of the visual cortex) of the grating after-effect. We believe that a similar higher level central site is responsible for suppression of disparity information used in control of vergence movements.
Neurophysiological and anatomical studies in animals have also added to our knowledge of pathophysiological effects of strabismus and amblyopia. Lund et al.18 found anatomical changes in spatial distribution of callosal terminals from contralateral cortex in strabismic animals; terminations of these fibres were displaced from their normal location along the 17-18 border. Others,'920 who have produced strabismus and amblyopia in animals by depriving them of normal visual experience during critical development periods, have found physiological changes in the cortex, most notable is reduction in number of cells responding to binocular stimuli.
Lastly, our findings have at least 2 direct clinical applications: (1) the 4-prism dioptre base-out test and (2) fusion training. To review briefly: (1) The 4-prism dioptre base-out test is used to detect the presence of small central binocular suppression scotomas in small-angle esotropes2' by placing a 4-dioptre prism base-out before one eye during binocular viewing and thus optically producing an asymmetric disparity ('fusional') vergence condition. If the prism is placed over either eye of an individual with normal binocular vision, an asymmetric disparity vergence response consisting of a binocular saccade and vergence results. If the prism is placed over the dominant eye of an esotrope, however, only the saccade should occur to correct the position error in that eye due to prism image displacement. If the prism is now placed before the nondominant eye of an esotrope, no eye movements occur if the target image is displaced within the region of the suppression scotoma. If the clinical test produced both disparity and blur (and not disparity alone), as was true for our test conditions as well as occurs in real-life conditions, the anticipated response in the esotrope would be a saccade plus accommodative vergence (both driven by the dominant eye) as was found in our experiments. (2) Fusion training in instrument and free-space22 is commonly used in strabismics, once visual acuity is improved and suppression is minimised. In the amblyoscope second and third degree fusion targets may be used with the carriage arms at a variety of positions, thus producing symmetric as well as asymmetric disparity vergence conditions, of which both static (which is measured clinically) and dynamic (which we present here) responses should be thoroughly understood by the clinician. Similarly, in free space, prisms of various magnitudes are placed before either or both eyes creating symmetric and asymmetric vergence conditions. Comparison of responses in the 'reduced environment' of the amblyoscope, in which targets presented to the nondominant eye can be flashed or luminance increased in order to overcome ('break') suppression and thus potentially allow for a fusion response, can be compared to responses obtained under 'real life' symmetric and asymmetric vergence conditions produced by prisms or real target movement, similar to the manner of testing used by us in our patients. Thus a goal of treatment in strabismics and amblyopes would be normal static and dynamic fusional responses in both instrument and free space for both symmetric and asymmetric disparity vergence stimulus conditions.
